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describe those arguments which he or she feels were or might be persuasive to the examiner.) 
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ATTACHMENT TO INTERVIEW OF JANUARY 08. 2008 

Attorney B.J. Sadoff requested information for this application which status is a 
Final Rejection to obtain the two prior art references which are not legible or incomplete 
after which time of receiving the prior art discuss the following issues in a future: 

a) grounds for the rejection over the art of record; 

b) possible amendments to the claimed subject matter which would 
overcome the art of record. 

Both of the references, Ito et al and Pfister, after the interview were found to be 
available on the web in PDF form, one of which was emailed to Attorney , [Ito et aj]. 

The issue with respect to the claimed product is that the prior art as alleged by 
this Examiner teaches compositions within the scope of having tripeptides containing 
terminal Pro-x-x as clearly indicated by the references. 

Applicant may telephone this Examiner any time to discuss the application. 
Examiner will accept any arguments or amendments to the claims which would render 
the application allowable without any new unreasonable search for this after final 
rejection. 

Applicant indicated that a response is due at the month of January. 

Copies of the two references will be submitted with this interview summary which 
will be sufficient time for Attorney to obtain copies if Attorney is not able to obtain copies 
by the internet. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Examiner Lilling whose telephone number is 571-272- 
0918 and Fax Number is 571-273-8300. or SPE Jon Weber whose telephone number 
is 571-272-0925. Examiner can be reached Monday-Friday from about 7:30 A.M. to 
about 7:00 P.M. Any inquiry of a general nature or relating to the status of this 
application should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for published 
applications may be obtained from either Private PAIR or Public PAIR. Status 
information for unpublished applications is available through Private PAIR only. For 
more information about the PAIR system, see http://pair-direct.uspto.gov. Should you 
have questions on access to the Private PAIR system, contact the Electronic Business 
Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO 
Customer Service Representative or access to the automated information system, call 
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is reminiscent of vesicles. Distinction between these models will rely 
on the identification of binding partners for Scrib. □ 

Methods 

Fly stocks and cloning 

scrib was mapped through assays of the ability of Y; autosome translocation chromosomes 
to provide paternal rescue of the scrib cuticle phenotype. About 15% of gametes from 
T(Y;3)BI58 males did not rescue the scrib germline clone (GLC) phenotype, whereas all 
gametes from T(2;3)8r9 males did. This analysis limited the scrib region to 97BC, and a 
deficiency within this region (Df(3R)Tl-x) failed to complement scrib. 

Non-complementing mutations were obtained from several collections; these new scrib 
alleles included two P-element- induced alleles, lethal phase analysis of the mutations and 
Df(3R)Tl-x indicates that the ethylmethane sulphonate- induced alleles scrib' (formerly 
7cl0; D.B. and N.P., unpublished data) and scrib 2 (formerly 1(3)673; K. Anderson, 
unpublished data) act as genetic nulls, scrib }7B3 and scrib s42405 23 ' 24 are induced by 
P(lacW) insertion, scrib' and scrib 2 were recombined onto FRT82B chromosomes for GLC 
production. The A2 cDNA was isolated from an embryonic cDNA library 25 , and cloned 
into the vector pCasperhs for transgenic rescue experiments. For ectopic production of 
Crb, the strains daGAL4 and UAS-crb 1 were crossed at 29 °G 

Antibody production and embryonic analysis 

Peptides corresponding to N-terminal (RYSRTLEELFLDANHIRDLPKNF) and C-term- 
inal ( VDAEDMRNPLDEIEAVEFRS) portions of Scrib were used to immunize rabbits 
(QCB, Hopkinton, MA). An affinity-purified serum gave similar staining through mid- 
embryogenesis to that seen with the unpurified sera used here; this staining is absent in 
scrib embryos. Western blots were carried out using standard techniques with ] 00 embryos 
from 0-2-h collections of yw or scnb GLCs. Antibodies were obtained as follows: anti-a- 
Spectrin from D. Kiehart; anti-Sas from D. Cavener; anti-Dlt, anti-Neurexin and anti-Crb 
from M. Bhat; anti-Cor from R. Fehon; anti-Ecad from H. Oda; anti-Neurotactin, anti- 
FasIII and anti-Arm from the Developmental Studies Hybridoma Bank. Secondary 
antibodies were from Jackson Labs. Fixation and staining was done as described 26 , except 
that 5' fixation periods were used for anti-Scrib staining. Embryos were staged according 
to standard methods 27 , and assayed for polarization prior to stage 14. Fluorescent images 
were collected on a Leica TCS confocal microscope. Scanning electron micrographs were 
performed as described 28 . 
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The two translational release factors of prokaryotes, RF1 and RF2, 
catalyse the termination of polypeptide synthesis at UAG/UAA 
and UGA/UAA stop codons, respectively 1 " 3 . However, how these 
polypeptide release factors read both non-identical and identical 
stop codons is puzzling 4 . Here we describe the basis of this 
recognition. Swaps of each of the conserved domains between 
RF1 and RF2 in an RF1-RF2 hybrid led to the identification of a 
domain that could switch recognition specificity. A genetic selec- 
tion among clones encoding random variants of this domain 
showed that the tripeptides Pro-Ala-Thr and Ser-Pro-Phe deter- 
mine release- factor specificity in vivo in RF1 and RF2, respec- 
tively. An in vitro release study of tripeptide variants indicated 
that the first and third amino acids independently discriminate 
the second and third purine bases, respectively. Analysis with stop 
codons containing base analogues indicated that the C2 amino 
group of purine may be the primary target of discrimination of G 
from A. These findings show that the discriminator tripeptide of 
bacterial release factors is functionally equivalent to that of the 
anticodon of transfer RNA, irrespective of the difference between 
protein and RNA. 

A tRNA-like property has been speculated for release factors 5 ' 6 in 
reading stop codons, and our aim was to identify a putative peptide 
anticodon equivalent in release factors. From sequence compari- 
sons, we have previously proposed a seven-domain structure for 
release factors (domains A-G; Fig. 1 a, top). We swapped these seven 
domains combinatorially between RF1 (UAG-specific) and RF2 
(UGA-specific) to screen for active release-factor hybrids that 
would display altered codon specificity in vivo. For this purpose, 
common restriction sites were introduced into a clone at, or near, 
the sequences encoding the domain junctions so that these base 
changes would not affect activity (Fig. la, bottom). We examined 
a combinatory set of 128 release-factor hybrids for their ability 
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to complement RF1 knockout {prfA::Km R ) and RF2 knockout 
(pr/B::Cm R ) alleles (see Methods). For the initial screening, 
phenotypic assessment of RF1 and RF2 activity was more 
reliable than in vitro analysis because of the difference in their 
specific activities and the occurrence of peptide-anticodon- 
independent omnipotent variants that recognise all three stop 
codons 7 . 

These release-factor hybrids were scored in pair-wise combina- 
tions in which only one domain differed. The criterion used to 
assign the discriminator domain was its ability to switch, without 
exception, the complementation activity exclusively and efficiently 
between RF1 and RF2. We found that a unique set of functional 
release-factor hybrids, designated ^RFl and ¥RF2, containing a 
single distinct domain, domain D (Fig. lb), showed RF1 - and RF2- 
specific in vivo complementation (see Fig. 2b) and in vitro peptide- 
release activities (see Fig. 3a, b). Any active release- factor hybrid 
other than these two switched the selectivity upon substituting 
domain D between RF1 and RF2 (data not shown). We concluded 
that domain D contains the 'peptide anticodon. We also concluded 
that the hybrid-release-factor sequence, referred to as ^RF (see Fig. 
lb, bottom), can play a vital role in the assessment of the dis- 
criminator activity upon swapping the peptide anticodon segment 
between RF1 and RF2. The native RF1 and RF2 sequences were 
simply inactivated by the same swap (data not shown). Switching 
the RNA-recognition specificity with a peptide swap in tRNA 
synthetases works using a hybrid 8 or non-hybrid 9 construct depending 
on the enzymes. 

The discriminator domain was further defined by swapping 
peptides within domain D. Construction of a series of intradomain 
release-factor hybrids permitted assignment of discriminator activity 



to the central 15-amino-acid segment located in one of the most 
conserved regions. Five out of six residues in this segment differ and 
are perfectly conserved in RFls and RF2s of many species (Fig. 2a; 
see ref. 6). Transfer of a 24-residue segment containing these 15 
amino acids from RF1 to ^RF2 switched the specificity from RF2 to 
RF1 (^RFlp; Fig. 2a; see Fig. 3c). Subsequent experiments used 
variants of this 15-residue segment as discriminator cassettes in 
hybrid domain D (Fig. lb, bottom). The conserved RF1- and RF2- 

specific motifs in this region were 'Q-vPaTE 1* and 'V-kSPFD R* 

respectively, where lower case represents less conserved, and upper 
case represents highly conserved, residues (Fig. 2a). Primary screen- 
ing of the requirements for the discriminator by site-directed and 
combinatory mutagenesis indicated that substitutions of amino 
acids other than 'PaT' and 'SPF' between these two motifs did not 
affect the selectivity of codons (data not shown). Hence, we 

used 'Q-VXXXD V as a universal cassette motif, for which 

tripeptide XXX was extensively analysed. 

The systematic selection of the discriminator motifs was carried 
out using designed tripeptide collections in which the first or third 
position was fixed as an amino acid of RF1 and RF2 in otherwise 
(partly) random sequences (see Fig. 2a, bottom): PX4X 7 „ (pool-1), 
SX4X 20 (pool-2), X20X4T (pool-3), X 20 X 4 F (pool-4), and SX 20 T 
(pool-5), where P = Pro, S = Ser, T = Thr, F = Phe, X 4 = Ala/Pro/ 
Ser/Thr, and X 2 o = 20 amino acids (Table 1). Winners from pool-1 
in the RFl-null strain contained any of four residues at the second 
position but mostly threonine (56 out of 78). Less frequently, other 
non-charged amino acids were at the third position, and no winners 
appeared in the RF2-null strain. Winners from pool-2 in RF1 and 
RF2-null strains contained proline at the second position (note that 
alanine and serine were also allowed in RF1) and mostly shared 
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Figure 1 A seven -domain model of release factors and release-factor hybrids developed 
for the pep-anticodon assignment, a, The average similarity plots of 22 bacterial RF1 and 
RF2 sequences and the proposed seven conserved domains A-G (ref. 6). Restiction- 
enzyme sites were generated at or near the domain junctions whose relevant peptide 
sequences are shown. Amino acids for which restriction sites were designed are 
underlined: most of the nucleotide-sequence changes did not alter amino acids except in 
five positions (changes are marked by arrows) that altered single (non-conserved) 
residues. The amino-acid position refers to the coordinate of the similarity alignment (ref. 
6), which is distinct from those of native RF1 and RF2. b, A pair of release-factor hybrids, 
*RF1 and *RF2, that exerted RF1 - and RF2-specific complementation activities owing 
to the respective domain D inserts. A hybrid release -factor construct, designated *RF, 
was used as a test release-factor backbone to monitor the specificity of transplanted 
peptides and an amino-acid swap made in the discriminator tripeptide. Closed and open 
boxes represent RF1 and RF2 segments, respectively. 
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Figure 2 The assessment of the discriminator tripeptide within domain D. a, Intradomain 
D hybrids that exerted RF1 - and RF2-specific complementation activities owing to the 
respective mosaic intervals. These hybrid sequences were transplanted into the *RF 
construct and examined for their specificity by in vivo complementation and in vitro 
release assay. The amino-acid sequence of the assigned discriminator locus is shown. 
The discriminator tripeptides are boxed and other conserved residues are underlined. 
Restriction sites for peptide transplantation are shown with the relevant dipeptide (arrow 
indicates that the amino acid is changed). PCR primers designed for random pools of the 
discriminator tripeptides are indicated (see Table 1 ). b, Growth of RF1 -null (AA, RM789A; 
left panel) and RF2-nuil (AB, RM789B; right panel) strains transformed with pBAX-RF 
derivatives carrying: *RF1, ¥RF2, PPT, SPT, SPF and PPF tripeptide variations. 
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Release factor (relative amount) 



Figure 3 Polypeptide release activity of the discriminator variants and inosine variants of 
stop triplets. 3 H-fMet release from the 3 H-fMet-tRNA f -mini-messenger-ribosome complex 
upon addition of release factors was determined 14 . The same molar amount of each 
release factor variant relative to W1 was used. Mini-messenger RNAs used in these 
reactions were 9-nucleotide sequences consisting of 5'-UUCAUG-3' followed by stop (or 
test) triplets, a, W1 . b, *RF2. c, *RF1|3. d, W-SPT variant. Test triplets of the mini- 
messengers (20 jjlM) in reactions shown in a-d were UAG (filled circles), UGA (open 
circles), UAA (open triangles) and UGG (filled triangles), e, UAA termination assay of SPF 
(solid line) and PPF (dashed line) variants, f, UGA termination assay of SPF (solid line) and 
PPF (dashed line) variants. Reactions shown in g and h contained inosine-substituted stop 
triplets in mini-messengers: UAI (filled squares), UIA (open squares), UGI (filled circles) and 
UIG (open circles), g, RF1 . h, RF2. Experiments were carried out independently at least 
three times, and the mean values are expressed. The experimental errors are less than 
10%. 



a b 



Pep-anticodon tripeptid e 




Figure 4 The discriminator amino acids of pep-anticodon tripeptides and their target 
group of purine bases, a, The double-switch model for the discriminator tripeptide. 
Second and third base discrimination is carried out by first and third amino acids of the 
discriminator tripeptide, respectively: Amino acids next to squares are permissive to A and 
G, whereas those next to triangles are restrictive to A. Circular arrows indicate that these 
discriminator amino acids can be switched. Omnipotent and UAA-restricted variants were 
made in this study, b, The defined discriminated group(s) in purine bases. Inosine- 
substitution experiments indicated that the C2 amino group of G is a primary discriminator 
target. The C6 carbonyl and amino groups in G and A also weakly affect discrimination. 



amino acids at the third position (these tripeptides acquired 
omnipotence for three stop codons as shown below) except for 
phenylalanine which was restricted to the RF2-null strain. Winners 
from pool-3 in the RFl-null strain contained serine or proline at the 
first position and any four residues at the second position, and the 
only winner in the RF2-null strain was Ser-Pro-Thr (omnipotent, 
see below). When the third position is fixed as phenylalanine (pool- 
4), the sole winner was Ser-Pro-Phe which appeared in the RF2-null 
strain. Growth of the RF1- or RF2-null strains in the presence of 
representative tripeptide variants, PPT (RFl-type), SPT (omnipo- 
tent), SPF (RF2-type) and PPF (see below), is shown in Fig. 2b. 
These and other in vivo complementation data are summarized in 
Table 1. 

The above genetic selection determined the tripeptide amino 
acids, including both conserved and non-conserved residues, that 
are required for discriminator activity. We then focused on the 
tripeptides that consist of the natural amino acids used in RF1 and 
RF2 to dissect individual amino-acid function using the in vitro 
release assay. Of the tripeptides selected using RF1- or RF2-null 
conditions, several such as Ser-Pro-Thr and Ser-Pro-Arg acquired 
omnipotent activity and were able to complement the RF1-RF2 
double knockout strain. Consistently, the Ser-Pro-Thr variant 
catalysed polypeptide release at all three stop codons, UAA, UAG 
and UGA (Fig. 3d). In spite of the apparent complexity of the 
tripeptide sequence variations, these patterns can be easily under- 
stood by assuming that the first and third amino acids of the 
tripeptide discriminate the second and third bases of the stop 
codon, respectively, and that these two discriminators can operate 
independently ('double-switch model'; Fig. 4a). Thus, at the first 
position, proline is restrictive to A (RF1), while Ser is permissive to 
both A and G (RF2). At the third position, threonine is permissive to 
A and G (RF1), whereas phenylalanine is restrictive to A (RF2). 
Pool-1 selection data indicated that the second position of the 



tripeptide in RF1 is less restrictive, and that proline is effective, 
hence further manipulations of the tripeptide included proline at 
the second position (as shown in Fig. 3e, f). The double-switch 
model for stop codon discrimination is validated and clarified 
further by two lines of evidence. First, the substitution of Pro- 
Pro-Phe for Ser-Pro-Phe in an otherwise ¥RF2 backbone reduced 
UGA termination but had virtually no effect on UAA termination, 
even with a large amount of this variant (compare Fig. 3e, f). 
Second, the omnipotent tripeptide Ser-Pro-Thr also conferred 
peptide release activity with UGG as potential stop codon (Fig. 
3d). These results led us to conclude that the defined tripeptide 
represents the discriminator element of the peptide anticodon; 
hereafter referred to as 'pep-anticodonl We believe that this is a 
naturally functioning pep-anticodon, not a hybrid-specific one, 
because of the hybrid context and because the tripeptide is made up 
entirely of the sequences of the natural release factors. 

Compared with the variation of tripeptide winners in RFl-null 
strains, winners in RF2-null strains were restricted to tripeptides 
having serine and proline at the first and second positions, respec- 
tively. This finding indicates that there may be biased structural 
requirement(s) in the discriminator tripeptide for the relaxed 
recognition of both A and G at the second base in contrast to the 
third base. Consistent with this hypothesis, when tripeptide pool-5 
(SX 2( )T) was used for selection, a winner in the RF2-null strain 
contained a single residue, proline (omnipotent), whereas those in 
RFl-null strains allowed 15 other effective residues which were 
specific to UAA/UAG (they did recognise UGA) (Table 1). 

What atoms or atomic groupings of purine bases are discrimi- 
nated by the discriminator tripeptide? In principle, two side groups 
may be potent targets, either C2 amino (G) discriminated from C2 
proton (A) or C6 carbonyl (G) discriminated from C6 amino (A), 
or both (Fig. 4b). To test these possibilities, we substituted inosine 
(I; see Fig. 4b) for G in the stop codon and analysed polypeptide 
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Table 1 Selection of discriminator tripeptides of pep-anticodon 



Selected pool 



Winners in RF1 - null strains 
(score/specificity) 



Winners in RF2 null-strains 
(score/specificity) 



Pool-1 

PX4X20 



(78 clones scored) 



PTT(20/A) 
PST (12/A) 
PPN (8/A) 
PSN (3/A) 
PTS (2/A) 
PSQ (1/A) 



PAT(16/A) 
PPT (8/A) 
PTN (3/A) 
PPS (3/A) 
PPL (2/A) 



(no clones selected) 



(none) 



Pool-2 
SX4X20 



Poot-3 



X20X4T 



Pool-4 
X20X4F 



(50 clones scored) 



SPT(19/AB) 
SPL (7/AB) 
SPI (1/AB) 
SST(VAB) 



SPR (19/AB) 
SAT(2/AB) 
SPH (1/AB) 



(68 clones scored) 



SPT(18/AB) 
SAT (1 3/A) 
PTT(8/A) 
STT(2/A) 



PST (14/A) 
PPT (9/A) 
PAT (4/A) 



(no clones selected) 



(none) 



(49 clones scored) 



SPT (19/AB) 
SPI (7/AB) 
SPL (2/AB) 
SPH (1/AB) 



SPR (16/AB) 
SPF (3/B) 
SPM (1/AB) 



(68 clones scored) 



SPT (68/AB) 



(34 clones scored) 



SPF (34/B) 



Pool-5 
SX^T 



(81 clones scored) 



SPT (19/AB) 
SRT (8/A) 
STT(6/A) 
SST (5/A) 
SVT (3/A) 
SGT (3/A) 
SNT (2/A) 
SDT (1/A) 



SAT (9/A) 
SLT (7/A) 
SHT (6/A) 
SIT (4/A) 
SKT (3/A) 
SQT(2/A) 
SFT (2/A) 
SMT (1/A) 



(41 clones scored) 



SPT(41/AB) 



*RF variants carrying designed (random) sequence pools of discriminator tripeptides were transformed into RF1 -null and RF2-null strains, and active variants were selected (see Methods). These winners 
were examined for their sequence and activity to complement RF1- and/or RF2-null mutations. The number of winners scored and the specificity are shown in parentheses. Specificity: A, RF1 specificity 
iprfA complementation); B, RF2 specificity prfB complementation); AB, omnipotent specificity (prfAB double mutant complementation). Amino acids are in single-letter code. X, represents Ala/Pro/Ser/Thr; 
and X20 represents 20 amino acids. 



release in vitro. Both UAI and UIA were recognized by RF1 and RF2 
(Fig. 3g, h), showing that the inosine substitution removed the 
primary discrimination target. On the other hand, UIG and UGI 
were still recognized selectively by RF1 and RF2, respectively 
(Fig. 3g, h). Therefore, we believe that the pep-anticodon dis- 
criminates primarily the C2 amino group of G at both second and 
third bases. Nevertheless, the potential contribution, if any, of the 
C6 amino group of A remains to be examined because of the 
apparently lower release activity of A-to-I variants at the discriminator 
position (see Fig. 3g, h). 

The principal rule of base discrimination by the discriminator 
tripeptide is that amino acids used for restricted recognition of A are 
bulky hydrophobic residues, such as proline and phenylalanine, 
whereas those for relaxed recognition of A and G are small hydro- 
philic residues, such as serine and threonine. The latter, relaxed 
recognition of A and G may be phenotypically equivalent to wobble 
pairing between the messenger RNA triplet and tRNA anticodon at 
the third position 10,11 . What is unique to release factors is allowing 
wobble not only at the third position of the stop codon but also at 
the second position. It is of interest that in eukaryotes a single 
release factor, eRFl, recognizes all three stop codons. An omnipo- 
tent discriminator tripeptide, such as Ser-Pro-Thr, cannot account 
for the three-codon-specific recognition because it recognizes UGG 
as well. Therefore, eRFl must have its own discrimination mechan- 
ism: the simplest way to achieve this would be to permit two purine 
bases to exist at the second and third positions, except for double G, 
in a single recognition site. Our identification of the discriminator 
tripeptide strongly suggests that release factors recognize stop 
codons directly rather than indirectly through the interplay of 
stop codons and rRNA sequences 12 . The amino acid(s) responsible 
for recognition of the first base, U, of the stop codon must be the 
adjacent residue(s) conserved in both RFl and RF2. In summary, 
our discovery of the discriminator tripeptide, or pep-anticodon, in 
bacterial release factors clearly solves the long-standing coding 



problem of how a release factor reads a stop codon. Moreover, it 
is important to point out that our experimentally defined discri- 
minator tripeptide agrees with the predictions of our release-factor 
tRNA mimicry hypothesis 26 . □ 

Methods 

Plasmids and manipulations 

Plasmid pBAX-RF is a pBR322-derived RF expression plasmid 7 in which release-factor 
hybrids or those with domain cassettes are inserted into BamHl-Sad (replaced for Nru\) 
sites and expressed constitutively from the tct promoter. The release- factor hybrids 
contained a carboxy-terminal histidine tag encoded by a sequence generated by PCR 
primers as described 13 . Intervals of domains A-G of RFl and RF2 were marked with 
restriction enzyme sites using designed PCR primers (see Fig. la). These artificial 
restriction sequences did not affect release-factor activity. Interdomain swapping was 
carried out by amplification of the appropriate DNAs from RFl and RF2, followed by 
substitution of their restriction fragments. Intradomain swapping was achieved using PCR 
primers that were designed to encode hybrid release-factor sequences. 

In vivo complementation and selection 

Escherichia coli W31 10 derivatives 7 ' 14 , RM789A (pr/A::Km R ), RM789B (pr/B::Cm K ) and 
RM789AB {prfA ::Km R />r/B::Cm R ), carrying plasmid pSUIQT-RF2" 7 , were used as 
indicator hosts. pSUIQT-RF2* is a lac promoter-controlled expression plasmid of an RF2 
variant, RF2\ that is able to recognize UAA/UGA/UAG; hence, it complements the single 
or double RF1-RF2 knockout alleles in the presence of isopropyl-l-thio-P-n-galactoside 
(IPTG). For complementation tests, indicator strains were transformed with two com- 
patible plasmids, pSUIQT-RF2* and a test pBAX-RF construct, in the presence of IPTG, 
and growth was monitored in the absence of IPTG. For selections, pSUlQT-RF2" -bearing 
indicator cells were transformed with pBAX-RF hybrid or cassette pools, and survivors 
were selected in the absence of IPTG to give rise to pBAX-RF winners. These results were 
consistent with those derived from temperature-sensitive alleles in RFl {prfAlY* and RF2 
{prfim6Y u (data not shown). 

Peptide pools 

Randomized collections of the discriminator tripeptide encoded in 76-mer primers 
(antisense; 5 ' -GGGGATCCACTAGTATGA ATGCGACCCTGGG AGTCNN NCG N N N- 
N AAC ACGTTGCACACG ATGTACG CCG GTTTCAG - 3 ' where N indicates A/G/T/C mix) 
carrying designed sequence variations in domain D were used to amplify ^RF segments 
containing domains A-D by PCR using the 5' flanking vector sequence (5'-CGAC- 
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TACGCGATCATGGCGAC-3' ). The amplified DNA pools were digested with BamHl and 
Spc\ restriction enzymes, and inserted into the tester plasmid pBAX-^RF (see Fig. 2a, 
bottom). 



Protein purification and peptide release assay 

Histidine-tagged release-factor genes were cloned downstream of a T7 RNA polymerase 
promoter in plasmid pET30a (Novagen, Inc.), and overexpressed in £ coli BL21 (DE3) 
cells by addition of 0.5 mM IPTG for 2.5 h as described 7 ' 3 U . Histidine-tagged release- 
factor proteins were purified to homogeneity from cell lysates by affinity chromatography 
using Ni-NTA Agarose (Qiagen).The ability of purified release-factor hybrids to terminate 
protein synthesis was monitored by the rate of N- form yl methionine (fMet) release at the 
stop codon from the in vitro termination complex composed of 3 H-fMet-tRNA f , 9- 
nucleotide mini-messenger (5'-UUCAUGNNN-3' where NNN is a test triplet) and the 
ribosome isolated from £ coli essentially as described 7,14 . 
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Identification and Synthesis of Chemotactic Tripeptides 
From Alkali-Degraded Whole Cornea 

A Study of N-acetyl-Proline-Glycine-Proline and 
N-methyl-Proline-Glycine-Proline 

Roswell FL Pfister* Jeffrey L. Haddox* Chamell I. Sommers* and Kwok-Wai Lam\ 



Purpose. To identify and synthesize the polymorphonuclear leukocyte chemoattractant (s) 
released from alkali-degraded corneas. 

Methods. Corneas were degraded in 1.0 N NaOH, neutralized, ultrafiltered, and dialyzed. The 
final active ultrafiltrate was subjected to high-performance liquid chromatography on a Protein 
PAK 1-60 column. The most active fractions were further separated on a ^-Bondapak-C )K and 
1-60 column in sequence. 

Results. Fraction 38 from the final 1-60 column associated with a 210-nm absorption peak and 
elicited a polarization and chemotactic response from polymorphonuclear leukocytes. The 
loss of polarization activity in fraction 38 af ter exposure to prolidase suggests that this peptide 
contains a Pro-X (X = amino acid) peptide bond. The amino acid composition of fraction 
38 was 35% glycine and 53% proline. Peptide sequence analysis was unable to establish a 
primary sequence even though Picotag analysis showed the presence of large amounts of the 
two amino acids. Mass spectrometry revealed only two molecular species of 312 MWt and 284 
MWl Tripeptides were synthesized using all possible amino acid permutations of 2 Pro and 
1 Gly and tested in the polarization and chemotactic assays. These techniques demonstrated 
that n-acetyl-Pro-Gly-Pro, and to a lesser degree n-methyl-Pro-Gly-Pro, were the only synthetic 
tripeptides with activity similar to the purified chemoattractant. 

Conclusions. The data show that the chemotactic peptides, purified from alkali-degraded whole 
cornea and confirmed with identical synthetic tripeptides, are N-acetyl-Pro-CUy-Pro and N- 
methyl-Pro-Gly-Pro. Although a number of proteins contain the Pro-Gly-Pro sequence, large 
amounts of collagen in the cornea suggest this as a major source. The small size and hydro- 
philic nature of these chemoattractants are predictive of a high degree of diflusibiliry. These 
chemoattractants are likely to play a major role in the early neutrophil response after an 
alkali injury. Invest Ophthalmol Vis Sci. 1995;36:1306-1316. 



Severe alkali injury to the eye results in vigorous infil- 
tration of inflammatory cells into the cornea.'" 8 The 
predominant cell type found is the polymorphonu- 
clear leukocyte (PMNL), usually associated with the 
development of corneal ulcers. Polymorphonuclear 
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leukocyte accumulation is generally accepted to result 
from the directional migration of cells in response to 
a chemoattractant gradient. The mediators that trig- 
ger the chemotactic response, therefore, are crucial 
to initiating the inflammatory response. Knowledge of 
the type of mediators released that stimulate the acute 
inflammatory response in the alkali-injured cornea is 
important to understanding the molecular mecha- 
nism of ulceration and to developing rational thera- 
peutic regimens. 

We have shown 910 that mediators of PMNL activity 
are generated directly by alkali degradation of whole 
cornea. Our initial studies showed that alkali digestion 
of cornea in vitro generated a stimulant of the PMNL 



1306 



Invcxiiguiive Ophthalmology k Visual Science,. June 1995. Vol. 36, No. 7 
Copyright © Association for Research in Vision and Ophthalmology 



Chemotactic Tripeptides From Alkali-Degraded Corneas 



1307 



respiratory burst and activated PMNL migration as 
measured by the Boyden chamber. Polymorphonu- 
clear locomotion in the Boyden chamber studies was 
probably caused by the presence of a chemoattrac- 
tanl(s), but the technique was not sufficient to mea- 
sure chemotaxis. Our more recent development of a 
collagen gel-visual chemotactic assay system permit- 
ted direct measurement of chemotaxis and cellular 
behavior in a simulated physiological environment. 
These studies revealed true PMNL chemotaxis in the 
low molecular weight u ltrafil irate. 1 1 

The purpose of the current study was to isolate, 
characterize, identify, and synthesize the low molecu- 
lar weight PMNL chemoattractant(s) released from 
alkali-degradation of whole cornea. An additional aim 
was to determine if the purified and synthetic chem- 
oattractants elicit a chemotactic response from 
PMNLs. 

MATERIALS AND METHODS 
General 

Hanks' balanced salt solution (HBSS) was purchased 
from Gibco Laboratories (Chagrin Falls, OH). Cal- 
cium chloride, MgC1 2 , glutaraldehyde, sodium azide, 
Ficoll (type 400), and prolidase (proline dipeptidase, 
EC 3.4.13.9) were purchased from Sigma Chemical 
(St Louis, Mo). Sodium hydroxide, sodium phosphate 
monobasic, and sodium phosphate dibasic were ob- 
tained from Fisher Scientific (Fair I^wn, NJ). Sodium 
chloride was obtained from Mallinckrodt (Paris, KY). 
Hydrochloric acid was purchased from Ricca Chemi- 
cal (Arlington, TX). Hypaque-76 was obtained from 
Winthrope Laboratories (New York, NY). Leukotriene 
B 4 (LTB 4 ) was a generous gift from Merck Frosst Can- 
ada (Point Claire-Dorval, Quebec, Canada). 

Vitrogen 100 from Celtrix Laboratories (Palo 
Alto, CA) was used to prepare the collagen monomer 
solution for the collagen gel -visual chemotactic assay. 
The collagen solution consisted of 0.8 ml of Vitrogen 
100 (2.5 mg collagen/ml; Celtrix), 0.1 ml of 0.1 N 
NaOH, and 0.1 ml of I Ox phosphate-buffered saline 
(pH 7.3). This solution was mixed at 5°C and allowed 
to warm to room temperature immediately before use. 

Polymorphonuclear Leukocyte Isolation 

These experiments followed the tenets of the Declara- 
tion of Helsinki and were approved by the human 
research committee atBrookwood Medical Center. All 
donors signed written consent forms explaining the 
nature and possible consequences of the study. Blood 
was collected from only one donor each day. Ac- 
cording to the technique of Ferranie and Thong, 12 
PMNLs were isolated from fresh heparin ized human 
blood by centrifugation on Hypaquc-Ficoll (density 
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FIGURE 1. Time -response curves for the polarization index 
of polymorphonuclear leukocytes exposed to three doses of 
the 100- to 1000-MWt ultra filtrate. The negative control 
value (polymorphonuclear leukocytes in buffer only) was 
subtracted from the total polarization score to achieve a 
polarization index for each sample. Fifteen microliters 
(squares), 25 {circles), or 50 p\ (triangles) of ultrafUtrate 
were added to each incubation mixture, producing a final 
volume of 250 fx\. Each data point represents the mean ± 
standard error of the mean, n = 5. 

= 1.114) according to a previous article. 13 Isolated 
PMNLs (96% to 99% viability) were resuspended in 
HBSS at room temperature and gently agitated on a 
shaker. The purity of this cell suspension was ^85% 
PMNLs and s5% mononuclear cells and platelets, 
with the remaining percentage consisting of red blood 
cells. To measure the response of cells to chemoattrac- 
tants, purified PMNLs were used in two separate sys- 
tems, polarization and collagen gel -visual chemotac- 
tic assays. All incubation mixtures from both assays 
maintained an osmolality between 270 and 300, a pH 
range of 7.2 to 7.6, and a Ca* + and Mg J+ concentration 
of 500 fiM and 600 /^M, respectively. 

Polarization Assay 

The polarization assay M was used as a preliminary 
screening test for large numbers of samples by quanti- 
tating the shape change that occurs after the exposure 
of PMNLs to a chemoattractant. Briefly, 1 X 10 li 
PMNLs were suspended in HBSS and phosphate-buf- 
fered saline in incubation mixtures to produce a physi- 
ological osmolality and pH for each sample or high- 
performance liquid chromatography (HPLC) fraction 
to be tested. Each incubation mixture (total volume 
= 250 fj\) was then exposed to a sample in a stirred 
reaction chamber at 35°C for 5 minutes, unless other- 
wise noted. At the end of the incubation period, each 
cell suspension was mixed with an equal volume of 
4% glutaraldehyde. Polymorphonuclear leukocytes in 
each sample were observed microscopically and as- 
signed scores of 0 (resting = spherical with a smooth 
membrane), 1 (activated = irregular with uneven 
membranes), or 2 (polarized = length ss width X 2). 
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table I. Polymorphonuclear Leukocyte 
Polarization Activity Generated by the Final 
HPLC Active Fraction 38 After Prolidase 
Treatment 

Incubation 





Time 


Polarization 


Activit 


Sample 


(hours) 


Score 


(%) ' 


Positive Control 








75 p\ 100-3,000 


2 


85 


100 


UF + HBSS 


4 


86 


100 


Negative Control 








75 Mi HBSS + 


2 


2 


0 


prolidase -HBSS 


4 


2 


0 


Experimental 








75 ^1 100-3,000 UF 


2 


34 


39 


+ prolidase-HBSS 


4 


12 


12 


Positive Control 








100 /il fraction 








38 + HBSS 


4 


63 


100 


Negative Control 








100 Ml HBSS + 








prolidase-HBSS 


4 


1 


0 


Experimental 








100 m' fraction 38 








+ prolidase-HBSS 


4 


15 


23 



Each sample contained equal amounts of chemoattractant, 
enzyme and HBSS where appropriate. The Ana! volume of each 
PMNL incubation mixture was 500 jil. The negative control value 
was subtracted from each sample, and polarization activity was 
expressed as a percentage of the positive control. 
HPLC = high-performance liquid chromatography; UF = 
ultrafiltrate; HBSS - Hanks' balanced salt solution. 

The scores of 100 PMNLs were added, producing a 
total polarization score. Negative control values 
(PMNLs in buffer only) were subtracted from all sam- 
ples to achieve a polarization index (as in Fig. 1) or, 
in some cases, polarization activity was expressed as a 
percentage of the positive control (as in Table 1 ) or 
as specific polarization activity. 

Collagen Gel -Visual Chemotactic Assay 

The collagen gel-visual ' chemotactic assay (CG- 
VCA) ,M516 was used as the conclusive test for the pres- 
ence of chemotactic activity. In this assay, the chemotac- 
tic movement of PMNLs through a collagen gel was 
measured directly by a computer-assisted visual tracking 
system. Immediately before the addition to the CG- 
VCA, the PMNL suspension was centrifuged at 60gfor 4 
minutes, and the collagen solution was simultaneously 
brought to room temperature. The PMNL pellet was 
gently resuspended in the collagen solution (2.0 x 10 7 
PMNLs/ ml), which was then added to the CG-VCA 
system and allowed to gel. Thick walled dialysis mem- 
brane (12,000 to 14,000 MWt cutoff pore size, Spectra/ 
Por 4 (Spectrum Medical Industries, Houston, TX]) 
served as a semipermeable barrier between the colla- 



gen gel with PMNLs and the glass capillary tube con- 
taining the chemoattractant. 

Polymorphonuclear leukocyte movement was char- 
acterized by analyzing the x and y coordinates of each 
cell at each time interval. The change in cell position 
from one time interval to the next was computed as 
follows: (Ax = x„ - jc_,) and (Ay = y r , - >„_,). Both 
values are in Mm. Based on these calculations, the fol- 
lowing cell behavioral characteristic s were derive d: dis- 
placement for a time interv al {D = VAx* + Ay*), r esul- 
tant vector length (RVL = v^x* - x,)'* + [y n - y,)*), ve- 
locity ( V = D/ minute), and the angle of displacement 
with respect to the x-axis (Dis 6 = tan" 1 [(Ay/ Ax)]). 
The reference angle, derived from the displacement, 
angle, equals 0° when the displacement is in a straight 
line toward the chemoattractant. Percent motility and 
slop frequency (percent of motile phase cell was 
stopped) were also calculated from the data. 

To analyze directional movement further, the che- 
motactic indices was calculated at each minute. The 
formula for the chemotactic index of motile PMNLs 
incorporates the resultant vector length times the co- 
sine of the reference angle divided by the total dis- 
placement (cos (Ref$)RVL/I.D). 

Each measurement was taken from zero to the 
time interval in question. The relative numbers, de- 
rived from this formula, are an index of the 
straightness of the PMNL path from +1.0 (direct 
movement toward chemoattractant) to -1.0 (direct 
movement away from attractant). 

Alkali Degradation of Corneas 

All experimental procedures conformed to the ARVO 
Statement for the Use of Animals in Ophthalmalic 
and Vision Research. Bovine eyes were enucleated and 
frozen within 2 hours- of death (Pel-Freez Biologicals, 
Rogers, AR). These eyes remained frozen until the 
whole corneas (including epithelium and endothe- 
lium) were excised. In a preliminary experiment, 
three whole corneas were rinsed in HBSS for 30 sec- 
onds, their rims were blotted gently on paper towel, 
their wet weights were determined, and the corneas 
were dried. The average dry weight of each cornea 
was calculated to be 83 mg, and the average volume 
of water in each cornea was 500 

A control experiment was performed to deter- 
mine if the chemoattractant released from alkali-de- 
graded corneas is endogenous to the uninjured cor- 
nea and capable of extraction by rinsing. Thawed cor- 
neas were treated with HBSS or alkali for 1 hour 
because exposure of thawed corneas in buffer for 24 
hours at 37°C would pose a real risk of bacterial con- 
tamination, cellular disintegration, or both. Two sepa- 
rate groups of six corneas were pooled, rinsed, blot- 
ted, and treated with 6 ml of HBSS or 1 N NaOH 
(final concentration) at 37°C for 1 hour. This yielded 
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a corneal dry weight to final volume of HBSS or alkali 
of 1:12. The samples were slowly titrated lo pH 7.4 
with HBSS or 2.0 N HCI, respectively, while stirring. 
After centrifugation of each neutralized sample <300g 
for 15 minutes), the supernatants were purified by 
ultrafiltration and dialysis as described in Ultrafiltra- 
tion and Dialysis. The final samples, containing sub- 
stances in the 100 to 1000 molecular weight range, 
were tested for activity in the polarization assay. 

A separate experiment used a 24-hour exposure 
of corneas to alkali, optimizing the chemoattractant 
yield. Three whole corneas were pooled, rinsed, and 
blotted. The corneas were placed in 3 ml of 1.0 N 
NaOH (final volume and concentration of alkali in- 
cludes the water content of each cornea) at 37°C for 
24 hours. This yielded a corneal dry weight to final 
volume of 1.0 N NaOH of 1:12. The alkali-degraded 
corneas were slowly neutralized to pH 7.4 with 2.0 N 
HCI while stirring. The final volume of the completely 
dissolved corneas, after acid neutralization, was 4.5 ml. 
The purification experiment of this crude suspension 
was performed three times with similar results. A de- 
scription of the methods used in each case follows. 

Ultrafiltration and Dialysis 

The crude suspension (1.500 ml) was ultrafiltered 
through 30,000 MWt cutoff Centriprep (Amicon, Bev- 
erly, MA) concentrators at 120% for 90 minutes. This 
active filtrate (1.250 ml) was then added to Spectra/ 
Por cellulose ester dialysis membranes (Spectrum 
Medical) with a 100 molecular weight cutoff. The sam- 
ple was dialyzed twice against 1 liter of distilled water 
containing 0.05% sodium azide for 1 hour each and 
once against 1 liter of HBSS for 1 hour. The active 
isotonic retentate (1.363 ml) was again ultrafiltered 
through 3000 MWt cutoff Centriprep (Amicon) con- 
centrators at 2500g for 1 hour. This active filtrate 
(1.250 ml) was centrifuged through an Amicon MPS- 
1 micropartion system with a YM1 Diaflo membrane 
(1000 MWt). The final acuve filtrate (1 ml) was fur- 
ther purified by three successive HPLC columns. 

High-Performance Liquid Chromatography 

The sample (1 ml) was injected into the first Protein 
PAK 1-60 column (Waters Associates, Milford, MA), 
which separates on the basis of molecular size. The 
column was eluted by 0.05 M NaCl at 1.0 ml/minute, 
and the absorbance was monitored at 210 and 280 
nm. The eluant was collected into 0.5-ml fractions, 
and a 0.1 -ml aliquot was analyzed for activity in the 
polarization assay. The remainder of active fraction 24 
(0.4 ml) was injected into a /i-Bondapak-Ci 8 column 
(Water Associates, Marlborough, MA) and was eluted 
by water for 40 minutes at 0.5 ml/minute. Acetonitrile 
was introduced in the eluant at 40 minutes, and the 
concentration increased to 100% by 60 minutes. The 



eluant was monitored at 210 and 280 nm and was 
collected into 0.5-ml fractions. The peak polarization 
response was observed in fraction 11. The balance of 
active fraction 11 (0.4 ml) was injected into a second 
1-60 column and eluted by 0.05 M NaCl at 0.5 ml/ 
minute. Fractions (0.25 ml) were monitored at 210 
and 280 nm. 

Amino Acid Analysis 

An internal standard (alpha amino butyric acid) was 
added to an aliquot of the final active fraction. The 
fraction was dried using vacuum centrifugation and 
hydrolyzed (in vacuo) using gaseous phase 6 N HCI 
for 24 hours at 1 10°C. The sample was dried again and 
derivitized using phenylisothiocyanate by the standard 
protocol recommended by the manufacturer for the 
PicoTag System (Waters Associates). The resultant 
phenyl thiocarbamyl amino acids were analyzed using 
a Waters Associates PicoTag Column with buffers as 
recommended by the manufacturer. Standard amino 
acids (H), 6 N HCI, and phenylisothiocyanate were 
purchased from Pierce Chemical (Rockford, IL). 

Mass Spectrometry 

An aliquot of the final active fraction or synthetic pep- 
tides was subjected to matrix-assisted laser desorption 
ionization mass spectral analysis using two different 
matrices (4-nitropheriol and alpha-cyano4-hydroxyci- 
nnamic acid). 

Peptide Sequence Analysis 

An aliquot of the final active fraction was applied to 
a polybrene treated glass fiber filter that had been 
precycled for four cycles. The sample was then put 
into the quartz cartridge and into a model 470A Ap- 
plied Biosystems (Foster City, CA) protein sequencer 
with an online 120A PTH amino acid analyzer (Ap- 
plied Biosystems). The methodologies used in the se- 
quencer and the FTH analyzer were as recommended 
by the manufacturer. All chemicajs and supplies used 
to generate the sequence analysis were purchased 
from Applied Biosystems. 

Treatment of Active Fraction With Prolidase 

Prolidase (116,000 MWt) in HBSS was added to the 
ultrafiltrate or an aliquot of the final active fraction at 
a concentration of 333 U/15'0 fj,\ incubation mixture 
containing 500 fiM Ca* + and 600 fiM Mg 2+ . All sam- 
ples were incubated for 2 or 4 hours at 37°C and 
maintained at a pH of 8.0. One unit of prolidase will 
hydrolyze 1.0 /xinole of Gly-Pro per minute under 
these conditions. At the end of the incubation period, 
each sample was passed through 100,000 MWt. cutoff 
microspin ultrafilier (Lida Manufacturing, Kenosha, 
Wl) to remove the prolidase and the pH of the filtrate 
returned to 7.4 before testing in the polarization assay. 
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Synthetic Peptides 

Nine possible permutations of free, acetylated, or 
methylated N-terminal tripeptides with two prolines 
(P) and one glycine (G) were synthesized. The pep- 
tides (N-acetyl-PGP, N-acetyl-PPG, N-acetyl-CPP, PGP, 
PPG, GPP, N-methyl-PGP, N-methyl-PPG, and N- 
methyl-GPP) were manually synthesized on a Boc-Pro 
or Boc-Gly Merrifield resin (Millipore, Bedford, MA). 
Ninhydrin tests were used after each deblocking and 
coupling step to check for desired results. Amino acids 
were coupled using routinely available t-Boc synthetic 
techniques. N-methyl-amino acids were purchased 
from Sigma, but acetylated peptides were capped after 
removal of the t-Boc group. 

The finished trimer was dried under vacuum and 
cleaved with anhydrous hydrogen fluoride. The cleaved 
product was washed with ether and extracted with 40% 
acetic acid. Both the ether wash and the acid wash were 
freeze dried. Mass spectral analysis indicated that the 
masses found in both washes agreed precisely with the 
expected masses of the target products. 

Peptide samples were dissolved in 3% acetic acid and 
diaiyzed (1 ml/1) in Spectra/Por cellulose ester mem- 
branes with a 100-MWt cutoff (Spectrum) against distilled 
water with 0.05% sodium azide for 6 hours (changed 
every hour) at room temperature, distilled water with 
0.05% sodium azide for 16 hours at 0°C to 4°C, and HBSS 
for 4 hours (changed every hour) at room temperature. 

RESULTS 

Purification of the Chemoattractant(s) From 
Alkali-Degraded Corneas 

The corneal samples treated with HBSS for 1 hour 
showed no significant activity (polarization index, mean 
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figure 2. Chromatography of the polymorphonuclear leuko- 
cytcchemoattractant from alkali-degraded corneas on Protein 
PAR 1-60 high-performance liquid chromatography column. 
One milliliter of the final active ulrxan Urate, containing mole- 
cules in the 100 to 1000 range, was injected into this first high- 
performance liquid chromatography column. The column was 
eluted by 50 mM NaQ at 0.5 ml/minute. Fractions (0.5 ml) 
were collected and the absorbancc monitored at 210 and 280 
rum. The absorbancc at 280 nm was magnified 20 times. The 
polarization assay detected peak polymorphonuclear leukocyte 
polarization in fraction 24 (0.5 ml). 
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figure 3. Chromatography of the polymorphonuclear leu- 
kocyte chemoattractant from alkali-degraded corneas on /x- 
Bondapak-C IH high-performance liquid chromatography 
column. The remainder of active fraction 24 (0.4 ml) from 
the first column was injected into a /UrBondapak-Ci« column 
and eluted in high-performance liquid chromatography 
grade water. Fractions (0.5 ml) were collected at 0.5 ml/ 
minute, and the absorbance was detected at 210 and 280 
nm. The absorbance at 280 nm was magnified 20 times. 
Acetonitrile was introduced in the eluant at fraction 40, and 
the concentration increased to 100% by fraction 60. The 
peak polarization response was demonstrated in fraction 1 1 
(0.5 ml). 



± SEM, n = 5: 10 pi = 1.2 ± 0.8, 25 pi = 1.8 ± 1.9, 50 
/il = 1.3 ± 1.0, and 100 pi = 2.9 ± 2.4), whereas the 
comeas treated with alkali for 1 hour demonstrated a 
high degree of activity (polarization index, mean ± 
SEM, n = 5: 10 fil = 14.9 ± 5.1, 25 fA = 54.7 ± 7.2, 50 
fj\ = 87.8 ± 8.0, and 100 /xl = 98.3 ± 8.1). 

The crude suspension from corneas degraded by 
alkali for 24 hours was ultrafiltered and diaiyzed to 
produce an isotonic sample containing molecules in 
the 100- to 1000-MWt range. This low molecular 
weight ultrafiltrate retained 84% of the polarization 
activity found in the original ultrafiltrate (< 30,000 
MWt). Time-response curves for three doses of the 
low molecular weight ultrafiltrate demonstrated that 
the peak polarization response occurred at 3 to 5 mi- 
nutes and decreased at 15 and 45 minutes (Fig. 1). 
Only 16% of the original polarization activity was de- 
tected in the retentates containing molecules in the 
1000- to 30,000-MWt range. Retentates with > 30,000 
MWt were not analyzed for polarization or chemotac- 
tic activity because of the presence of a high molecular 
weight stimulant of the PMNL respiratory burst, 17 
which overrides the chemotactic response. 

After injection of the 100- to 1000-MWt ultrafil- 
trate into the first 1-60 HPLC column, the PMNL po- 
larization assay detected peak activity in fraction 24 
and moderate activity in fraction 25 (Fig. 2). The re- 
mainder of fraction 24 (0.4 ml) was injected into a fjr 
Bondapak-Cie column. Activity was demonstrated by 
the polarization assay in fractions 10 to 12, with the 
peak at fraction 11 (Fig. 3). The balance of fraction 
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table 2. Amino Acid Analysis of Fraction 38 



Amino Acid 



Percentage 



50 



Proline 


52.3 


Glycine 


35.1 


Alanine 


5.1 


Hydroxyproline 


3.9 


Serine 


L6 


Leucine 


1.1 


Arginine 


1.0 



FIGURE 4. Chromatography of the polymorphonuclear leu- 
kocyte chemoattractant from alkali-degraded corneas on 
Protein PAK 1-60 high-performance liquid chromatography 
column. The balance of active fraction 11 (0.4 ml) from the 
C t « column was injected into a second 1-60 column and 
eluted by 0.05 M NaCI. Fractions (0.25 inl) were collected 
at 0.5 ml/minute. The absorbance of each fraction was mon- 
itored at 210 and 280 nm. The polarization assay detected 
an equal amount of activity in fractions 38 and 39 (0.25 ml 
each). 



11 (0.4 ml) was rechromatographed on the Protein 
PAK 1-60 column. The chromatogram demonstrated 
one major 210-nm absorption peak occurring in frac- 
tions 38 and 39, and one minuscule 280-nm peak ap- 
pearing in fraction 39 (Fig. 4). The polarization assay 
detected an equal amount of activity in fractions 38 
and 39. Fraction 38 is likely to be more pure because 
it has little absorbance at 280 nm. The molecular 
weight of active fraction 38 is located between the 
standards tyrosine (181) and reduced glutathione 
(307), suggesting a size in this general range (Fig. 5). 
Comparison of the specific activities calculated for the 
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FIGURE 5. Chromatography of standards on Protein PAK I- 
60 high-performance liquid chromatography column. The 
column was eluted by 0.05 M NaCI and 0.25 ml fractions 
were collected at 0.5 ml/minute. The absorbance was moni- 
tored at 210 nm. The location of the molecular weight stan- 
dards, tyrosine (181) and reduced glutathione (307), sug- 
gest that active fraction 38 is within this molecular weight 
range. GSH - reduced glutathione; GSSC - oxidized gluta- 
thione. 



crude ultrafi Urate (< 30,000 MWt cutoff, and the puri- 
fied active fraction (#38) showed a 6875-fold purifica- 
tion of the chemoattractant. The remainder of frac- 
tion 38 was used to analyze the molecular characteris- 
tics and chemotactic activity of the chemoattractant. 

The ultrafiltrate (100 to 3000 MWt cutoff) or ac- 
tive fraction 38 was mixed with prolidase (E.C. 
3.4.13.9) and incubated for 2 or 4 hours. After the 4- 
hour incubation, PMNL polarization activity was de- 
creased by 88% for the ultrafiltrate sample and 77% 
for fraction 38 (Table 1). This highly specific enzy- 
matic reaction, cleaving Pro-X (X = amino acid) pep- 
tide bonds, is strong evidence that the chemoattrac- 
tant is a peptide containing the Pro-X peptide bond. 

Analysis of fraction 38 shows approximately twice 
as much proline as glycine based on amino acid com- 
position by the Picotag method. There are no other 
amino acids present in high enough percentages to 
be part of this small peptide (Table 2). The above 
information strongly suggested that the chemoattrac- 
tant is a tripeptide with two prolines and one glycine. 

N-terminal sequence analysis was unable to estab- 
lish a primary sequence, but Picotag analysis showed 
an abundance of sample. This indicates blockage of 
the N-tenninal amino acid residue. 




FIGURE 6. Matrix-assisted laser desorpiion ionization mass 
spectral analysis of active fraction 38, using a 4-niuophenol 
matrix. The two unknown molecules are at molecular 
weights 312 and 284. 
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table 3. Specific Activity of Synthetic 
Peptides in Polymorphonuclear Leukocyte 
Polarization Assay 



Synthetic Peptide 



Specific Activity 



n-acetyl-PGP 

n-methyl-PGP 

PGP 

PPG 

n-acetyl-GPP 
GPP 

n-m'ethyl-GPP 
n-melhyl-PPG 
n-acetyl-PPG 
Active fraction 38 



17.0 
9.7 
4.4 
2.7 
1.7 
0.7 
0.2 
0.2 

Not. detectable 
21.0 



One unit activity was defined as the amount of sample required 
to generate a 50% polarization index. Specific polarization 
activity was calculated as units of activity per milligram peptide. 



Matrix-assisted laser desorption ionization mass 
spectrometry showed that fraction 38 contains only 
two unknown molecules of 312 MWt and 284 MWt 
(Fig. 6). Two different, but mutually confirmatory, ma- 
trices were used. 

Synthetic Peptides 

The polarization response of PMNLs was used to 
screen synthetic peptide samples before selected 
chemoattractant studies in the CG-VCA system. In 
summary, Table 3 shows that N-acetyl-PGP and N- 
methyl-PGP produced a powerful response in the po- 
larization assay approximately an order of magnitude 
greater than the less active peptides. The specific activ- 
ity of N-acetyl-PGP was similar to the purified chemoat- 
tractant in fraction 38, One unit activity was defined 
as the amount of sample required to generate a 50% 
polarization index. Specific polarization activity was 
calculated as units of activity per milligram of peptide. 
Note that the molecular weights of n-acetyl-PGP and 
n-methyl-PGP are 312 and 284 respectively, the same 
as that noted by mass spectral analysis of the purified 
chemoattractant. 

Time-response curves for three doses of N-acetyl- 
PGP and N-methyl-PGP demonstrated that the peak 
polarization response was at 3 to 5 minutes for each 
dose of both tripeptides, decreasing at 15 and 45 mi- 
nutes (Figs. 7, 8). 

Chemotactic Activity of Fraction 38 and 
Synthetic Peptides 

Polymorphonuclear leukocyte chemotaxis was demon- 
strated in the CG-VCA system using the purified ac- 
tive fraction (38) from alkali-degraded corneas (Fig. 
9). The chemotactic index reached a peak at 2 mi- 
nutes, decreasing for the remaining 8 minutes of the 
experiment. 




15 25 

Time (min) 

figure 7, Time-response curves for the polarization index 
of polymorphonuclear leukocytes exposed to three doses of 
N-acetyl-PCP. The negative control value (polymorphonu- 
clear leukocytes in buffer only) was subtracted from the total 
polarization score to achieve a polarization index for each 
sample. The final concentrations of N-acctyl-PGP in the 250- 
fA incubation mixtures were 1.1 X 10"* M (1 fx\), 1.1 X 
I0" 4 M (10 //I), and 2.8 X 10" M (25 /xl). Each data point 
represents the mean ± standard error of the mean, n = 5. 
Volumes of n-acetyl PGP in excess of 25 //I produce polymor- 
phonuclear leukocyte lysis, possibly as a result of residual 
reagents from the peptide synthesis technique. 



N-acetyl-PGP demonstrated PMNL chemotaxis in 
the CG-VCA system (Fig. 10), comparable to the re- 
sponse found with fraction 38. A sign ifi candy positive 
chemotaxis was noted from 7 to 10 minutes. There 
was a delay in the chemotactic response, probably rep- 




HGURfc 8. Time-response curves for the polarization index 
of polymorphonuclear leukocytes exposed to three doses of 
N-mcthyl-PGP. The negative control value (polymorphonu- 
clear leukocytes in buffer only) was subtracted from die total 
polarization score to achieve a polarization index for each 
sample. The final concentrations of N-mcthyl-PGP in the 
250 Ail incubation mixtures were 6.0 x 10"* M (1 fi\)» 0.0 
X lO"" M (10 M l), and 1.5 X lO"" M (25 /xl). Each data 
point represents the mean ± standard error of the mean, 
n «=» 5. Volumes of N-methyl PGP in excess of 25 p\ produce 
polymorphonuclear leukocyte lysis, possibly as a result of 
residual reagents from the peptide synthesis technique. 
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FIGURE 9. Chemotactic index of polymorphonuclear leuko- 
cytes exposed to purified active fraction 38 from alkali-de- 
graded corneas. Active fraction (1.8 X 10~ 4 M, total esti- 
mated concentration of N-methyl-PGP and N-acetyl-PGP 
from Picotag analysis of amino acid composition) was added 
to the glass capillary tube. Each data point represents the 
chemotactic indices (mean ± SEM) for both 30*econd in- 
tervals at each minute for all motile polymorphonuclear 
leukocytes from three separate experiments. This number 
of motile cells is included adjacent, to the data point for 
each time period. Ninety-nine cells were tracked. The single 
sample Student's Mest was used to determine if the chemo- 
tactic index for each minute differed significantly from zero 
(greater than zero from 2 to 10 minutes, P < 0.001). Poly- 
morphonuclear leukocytes also .were tracked for 5 minutes 
before the addition of the chemoattractant as a control, but 
the number of motile cells was low, and their movement 
was not significantly different from zero (random). 



resenting a nonoptimal gradient of the chemoattrac- 
tant in the chemotactic chamber. 

A similar chemotactic response was recorded for 
PMNLs exposed to N-methyl-PGP in the CG-VCA sys- 
tem (Fig. 11). A moderate chemotaxis was reached at 
3 minutes and maintained thereafter. 

The behavioral characteristics of PMNIs exposed 
to the active fraction 38, N-acetyl-PGP, and N-methyl- 
PGP are summarized in Table 4. There was a dramatic 
increase in the percent motility of each PMNL popula- 
tion after the addition of each chemoattractant. The 
stop frequency of PMNLs during the 5- to 10-minute 
period after the addition of each chemoattracLant 
showed a significant decrease (P < 0.001, Student's ^ 
test) when compared to the 5-minute control period. 
Based on the Student's Rest, the velocity of PMNL 
movement during the 5- to 10-minute period was sig- 
nificantly increased over the 5-minute control period 
for N-acetyl-PGP (0.02 <P< 0.05), N-methyl-PGP (P 
< 0.001), and active fraction 38 (P < 0,001). When 
compared to the respective 5-minute control periods, 
PMNL displacement was not significantly increased 
during the 5- to 10-minute period for N-acetyl-PGP, 
but it was highly significant {P < 0.001) for N-methyl- 
PGP and the active fraction. 
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FIGURE io. Chemotactic index of polymorphonuclear leuko- 
cytes exposed to synthetic N-acetyl-PGP. N-acetyl-PGP (2.8 
X 10~* M) was added to the glass capillary tube. Each data 
point represents the chemotactic indices (mean ± SEM) 
for both 30-second intervals at each minute for all motile 
polymorphonuclear leukocytes from three separate experi- 
ments. This number of motile cells is included adjacent to 
the data point for each time period. One hundred three 
cells were tracked. The single sample Student's (-test was 
used to determine if the chemotacuc index for each minute 
differed significantly from zero (greater than zero at 7 [0.01 
< 1>< 0.02], 8, 9, and 10 minutes [P< 0.001 ]). Polymorpho- 
nuclear leukocytes also were tracked for 5 minutes before 
the addition of the chemoattractant as a control, but the 
number of motile cells was low, and their movement was 
not significantly different from zero (random). 
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nGURF.il. Chemotactic index of polymorphonuclear leuko- 
cytes exposed to synthetic N-methyl-PCP. N-mcthyl-PGP (1.5 
X 10" 2 M) was added to the glass capillary tube. Each data 
point represents the chemotactic indices (mean ± SEM) 
for both 30-sccond intervals at each minute for all motile 
polymorphonuclear leukocytes from three separate experi- 
ments. This number of motile cells is included adjacent to 
the data point for each time period. One hundred five cells 
were tracked. The single sample Student's Hcst was used to 
determine if the chemotactic index for each minute differed 
sign ifi candy from zero (greater than zero from 3 to 10 min- 
utes [P < 0.001]). Polymorphonuclear leukocytes also were 
tracked for 5 minutes before the addition of the chemoat- 
tractant as a control, but the number of motile cells was low, 
and their movement was not significantly different from zero 
(random). 
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table 4. Comparison of Behavioral Characteristics 





Motility 


Stop Frequency 


Velocity 


Displacement 




(%) 




ftlm/min) 




Control 










(-5 to 0 min) 


17.5 


34.5 ± 5.7 


7.4 ± 0.4 


28.1 ± 3.7 


n-acetyl-PGP 










(0 to 5 min) 


87.4 


24.6 ± 1.9 


7.1 ± 0.2 


27.3 ± 1.5 


(5 to 10 min) 


87.4 


17.1 ± 1.9 


8.5 ± 0.2 


36.0 ± 1.7 


Control 










(-5 to 0 min) 


21.9 


41.8 ± 5.2 


6.6 i 0-4 


25.9 ± 2.6 


n-methyl-PGP 










(0 to 5 min) 


87.4 


17.4 ± 1.9 


9.2 ± 0.2 


33.7 ± 1.6 


(5 to 10 min) 


88.6 


1 3.2 ± 1.5 


9.9 ± 0.2 


44.0 ± 1.6 


Control 










(-5 to 0 min) 


16.2 


28.3 ± 7.2 


5.4 ± 0.4 


14.7 ± 2.8 


Active Fraction 










(0 to 5 min) 


74.7 


24.3 ± 2.0 


6.8 ± 0.2 


26.6 ± 1.6 


(5 to 10 min) 


74.7 


12.5 i 1.5 


8.7 ± 0.2 


41.4 ± 1.5 



Total number of tracked polymorphonuclear leukocytes for experiments activated with n-acetyl PCP 
(103), n-methyl PCP (105), and the active fraction (99). 



DISCUSSION 

Our previous studies 9 1011 demonstrated the presence 
of PMNL chemoattractant(s) generated from alkali- 
degraded whole corneas. Its small size and hydrophilic 
nature imparted ideal characteristics for the rapid dif- 
fusion of the molecule through collagenous tissues. 1 1 
We conclude from the current study that the PMNL 
chemoattractants, isolated from these alkali-degraded 
corneas, are acetylated and methylated tripeptides 
(Pro-Gly-Pro). The absence of activity in corneas 
rinsed with HBSS demonstrated that the chemoattrac- 
tants were not endogenous to the uninjured cornea. 

The chemoattractant(s) released from alkali-de- 
graded corneas, as well as the synthetic N-acetyl-Pro- 
Gly-Pro and the N-methyl-Pro-Gly-Pro, induced a peak 
polarization response by PMNLs within 5 minutes that 
decreased dramatically after 15 and 45 minutes. The 
basis for declining polarization activity at the latter 
time periods is unknown. It might indicate that the 
cell membrane receptors of the PMNL were saturated 
with the chemoattractant or that the cell was metabo- 
lizing the chemoatLractant. 

Alkali degrades the cornea into numerous hetero- 
geneous peptides separable by column chromatogra- 
phy. Passage of the alkali-degraded corneal ultrafil- 
trate through a protein PAK 1-60 column and then 
the ^Bondapak-C 1B column removed a large amount 
of the inactive peptides. A highly purified fraction 
(38) with chemotactic activity for PMNLs was recov- 
ered upon re chromatography on the protein PAK I- 
60 column. 

The PMNL chemoattractant(s) was determined to 
be a peptide with at least one Pro-X peptide bond, 
based on the loss of biologic activity after incubation 



with prolidase. The amino acid composition studies 
showed that the sample contained twice the amount 
of proline than glycine. Mass spectrometry revealed 
that only two unknown molecular species were pres- 
ent, with masses at 312 and 284, respectively. This 
information strongly suggested that the chemoattrac- 
tant was a tripeptide with two prolines and one glycine. 
There were no other amino acids present in high 
enough percentages to be part, of this peptide. An 
attempt at N-terminal sequencing failed, establishing 
that both tripeptides are probably N-terminal blocked. 
Calculation of the molecular weight of two prolines 
and one glycine, and acetylation or methylation of the 
N-terminal group, agrees exactly with the molecular 
weights of 312 and 284 found by mass spectrometry. 

The limited permutations of free N-terminal, N- 
acetylatcd, or N-methylated tripeptides, containing 
two prolines and one glycine, made it practical to syn- 
thesize all nine possible sequences. Polarization assay 
of PMNLs exposed to these samples showed that only 
N-acetyl-PGP and, to a lesser degree, N-methyl-PGP 
yielded a potency comparable to the purified chem- 
oattractant. Further analysis of both synthetic tripep- 
tides in the CG-VCA system revealed chemotacu'c ac- 
tivity comparable to that of the purified chemoattrac- 
tant. These results confirm that N-acetyl-PCP and N- 
methyl-PGP are PMNL chemoattractanLs. These data 
show that the alkali-generated chemoattractant and 
the synthetic chemoattractants are the same. 

Acetylation 18 iy is the most common form of natu- 
rally occurring N-terminal peptide blockage, but 
methylauW 0 also occurs. Any of these acetylated or 
methylated proteins with the sequence Pro-Gly-Pro 
from the amino terminus could be a source of the 
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chemoattractant. Alternately, exposure to alkali is 
known to cleave the ester-linked acetyl group from 
naturally occurring neutral peptides, potentially mak- 
ing these groups available to alkali-generated peptides 
with a free N-terminus.'* Alkali has been shown to 
cleave protein (including collagen) into heteroge- 
neous peptide units.* 1 The amino terminus of these 
residual peptides would be susceptible to acetylation 
or methylation under these alkaline conditions. In 
fact, peptides are routinely acetylated at the N-termi- 
nus under alkaline conditions during peptide synthe- 
sis 22,23 The results of experiments in the current study 
show that this process could occur in the alkali-de- 
graded cornea. Therefore, a parallel can be drawn for 
this process in the alkali-injured cornea. 

Identification of the primary sequence of the puri- 
fied chemoattractant opens an important door to ba- 
sic studies and understanding of PMNL influx into 
the alkali-injured cornea. This knowledge will allow 
the synthesis of relatively large amounts of the chem- 
oattractant for extensive testing. It also may allow for a 
rational plan of attack to defeat the destructive PMNL 
infiltration into the alkali-injured cornea by devel- 
oping inhibitors of the chemoattractant. In this re- 
gard, the synthetic N-acetyl-Pro-Pro-Gly has no appar- 
ent chemotactic activity and, hence, is a candidate 
as a chemoattractant inhibitor. The other synthetic 
tripeptides with specific chemotactic activity <1.0, N- 
methyl-PPG, N-methyl-GPP, and unblocked GPP, 
might also be potential inhibitors. The precedent for 
this approach was set in an experiment in which 
PMNL accumulation, induced by injection of N-for- 
myl-methionyMeucyi-phenylalanine into normal cor- 
nea, was inhibited by the simultaneous injection of 
inactive, synthetically produced analogues. 24 The 
search for inhibitors might be focused by using struc- 
ture-based drug design, 25 a recent innovative ap- 
proach for developing new drugs as therapeutic 
agents. 

The tri peptide P-G-P probably originates from a 
. protein that is degraded by alkali. The National Cen- 
ter for Biotechnology Information Peptide Sequence 
Data Base was consulted to determine the number 
of proteins that contain the P-G-P sequence and its 
frequency in particular proteins. 26 Numerous mamma- 
lian proteins contain this sequence, including colla- 
gen, proteoglycans, fibronectin, laminin, ICAM-1, in- 
tegrin, and Na + K* ATPase. Collagen is one of the 
likeliest sources because of the relative frequency of 
this amino acid sequence in collagen and the fact 
that a relatively high proportion of corneal protein is 
collagen. The triple helical portion of the collagen 
. molecule contains glycine in every third residue, with 
proline and hydroxyproline appearing next most fre- 
quently in the sequence. When the amino acid resi- 
dues are cleaved, hydrolysis of the peptide bond ren- 



ders a free carboxyl terminal while simultaneously, or 
shortly thereafter, methylation or acetylation of the n- 
terminal group might occur. The ProOly-Pro se- 
quence does exist in this portion of the collagen mole- 
cule. 

Our current findings that N-acetyl-PGP and N- 
methyl-PGP induce chemotaxis in resting PMNL are 
the direct result of experiments designed to identify 
the chemotactic activity in alkali-degraded whole cor- 
neas. Earlier studies showed a locomotory response 
by fibroblasts to collagen-derived peptides, especially 
tri peptide sequences selected for study based on their 
common appearance in the collagen molecule. 27 Us- 
ing similar reasoning, Laskin et al 28 also synthesized 
tripeptides, including combinations of Pro, Hyp and 
Gly, which activated PMNL locomotion in selected se- 
quences. Polytripeptides, composed of 5 or 10 recur- 
ring units of Pro-Pro-Gly and Pro-Hyp-Gly, were the 
most active. Blocking of the amino or carboxyl end of 
the molecules changed the activity. No PGP sequence 
was tested. It is now known that the methodology used 
in the former experiment could only show locomotion 
of fibroblasts, whereas the latter experiment used 
checkerboard analysis of the Boyden chamber assay, 
a questionable method for simulating PMNL chemo- 
taxis in vivo. The true chemotactic properties of these 
compounds, as measured by more recent and accurate 
visual techniques, might be regarded as unknown. In 
spile of these considerations, this family of com- 
pounds might indeed induce chemotaxis by attaching 
to the same PMNL membrane receptor as N-acetyl- 
PGP and N-methyl-PCP. 

It is likely that the alkali-generated tripeptide 
chemoattractant(s) discussed in this article play a sig- 
nificant role in triggering the early neutrophil re- 
sponse after an alkali injury. Other low molecular 
weight chemoattractants, such as platelet-activating 
factor 20 and LTB 4 , M are known to be present in the 
experimental alkali-injured eye and may be active in 
the further recruitment and accumulation of neutro- 
phils. It is yet to be determined whether other corneal 
inflammatory diseases generate the same tripeptide 
chemoattractant(s) as those discovered in the current 
study. These tripeptide chemoattractant (s) might be 
the common denominator in inflammatory condi- 
tions when degradation of collagen or other PGP-con- 
taining proteins is involved. Discovery of the alkali- 
generated chemoattractant(s) might lead to a fuller 
understanding of chemotaxis in alkali-injuries as well 
as in other eye diseases and inflammation in other 
tissues of the body. 

Key Words 

chemotaxis, chemotactic peptides, synthetic peptides, poly- 
morphonuclear leukocytes, alkali injury, cornea, ulceration 
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the prior art. It is immaterial as to the method for producing the products as long as the 
products meet the claimed tripeptides absent a showing to the contrary. The arguments 
have been deemed not to be persuasive to withdraw the rejections which stand as 
recited: 

"1. Ito et al "A tripeptides 'anticodon' deciphers 
stop codons in messenger RNA", Nature 403 pg 680-684 
(February 10, 2000); 

2. Pfister, E.A., "Identification and Synthesis of 
Chemotactic Tripeptides From Alkali-Degraded Whole 
Cornea A Study of N-Acetvl -Proline -Glvcine -Proline and N- 
Methyl -Proline -Glvcine -Proline. " Investigative Ophthalmology 
and Visual Science; Jun. 1995; 36(7): 1306-16 ; 

3. Haddoxetal , U.S. 6,310,041 ; 

4. St. Pierre et al., U.S. 5,856,308. 

Each of the references teaches a product having 
100% mol of isolated tripeptides containing a terminal proline 
that is considered to be within the scope of all of the claimed 
products. 

St. Pierre et al discloses the following: 
In attempts to clarify the correlation between the 
primary and secondary structures of collagen, a variety of 
polypeptides with repeating sequences (Pro-Pro-Gly), (Pro- 
Hyp-Gly), and others have been synthesized and evaluated 
during the past twenty years. 

Haddix et al teaches the following: 

Preferably, the neutrophil 

chemoattractant is selected from the group 
consisting of N-acetyl-PGP, N-acetyl-PGX, N- 
methyl-PGX, N-methyl-PGP and small peptide 
chemoattractants containing proline and 
glycine. 

Five complementary peptides were 
tested as potential inhibitors of N-acetvl-PGP : 

RTR (SEQ ID NO:2), RTRGG (SEQ 

ID NO:3), RTR dimer, RTR tetramer, and ASA 
(SEQ ID NO:4) tetramer. In addition, the RTR 
tetramer and both monomeric peptides (RTR 
and RTRGG) were tested, separately, for 
inhibition of the ultrafiltered tripeptide 
chemoattractants or LTB.sub.4 — .; 



